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Motivation:
B mixing 
⇒ Mass eigenstates Bs,H and Bs,L: 
⇒ Nearly CP eigenstates

SM predicts Lifetime Difference in Bs 
system

On-shell transitions contribute to ∆Γs 
∆Γs ⇒ ∆ms ⇒ ∆md / ∆ms ⇒ |Vtd|/|Vts|
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Bs(d) → J/ψ φ(K*0): Pseudoscalar → Vector – Vector
0 ⇒ 1 ⊕ 1 , Orbital L = 0, 1, 2 (S, P, D)
Three amplitudes (partial wave, helicity, or transversity basis)

Transversity basis: seperates CP (P) odd state nicely. 
A0 = S + D wave ⇒ CP(P) even
A|| = S + D wave ⇒ CP(P) even
A⊥ = P wave ⇒ CP(P) odd

Time dependent transversity analysis can isolate the two B states and determine ∆Γs
Bd decays:  Sister Channel. Control sample, check if results are sensible. 
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Event Reconstruction
CDF Run II up to 2/2004

L ~ 260 pb-1

J/Ψ µ+µ-

Muon detector 
Di-Muon Trigger Path

φ K+K-; K* K+π-

Well measured in  
Tracking Chamber (COT)
With Silicon Detector Hits
Mass window, pT cut

Bd J/ΨK*; Bs J/Ψφ
Vertex-fit, pT cut 

Primary Vertex from 
BeamlinePV

µ+ µ-

K φ(K*0)
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σx ~ σy~30 µm
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Transversity Basis
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K +

K −
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µ −
φ (K*0) flight direction ≡ positive x
KK (Kπ ) plane ≡ xy plane

Transversity angles are defined in 
J/ψ rest frame

Interference Terms

CP(P) Even

CP(P) ODD
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Time-Dependent Distribution
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Fitting Model
Unbinned likelihood fit, simultaneously fit angular, 
lifetime and mass distributions

Mass: Gaus(m, εm) + Pol1(m)
Lifetime + Amplitudes: 

Gaus(εct) ⊗ (Sig(ct, {Ai}) + ΣnExpn(ct)*Bkg({Bi}) ) 
Long-lived

Displaced J/ψ paired with (random) track
Reflections and partially reconstructed B

Short-lived
Prompt J/ψ paired with tracks (ct = 0)
Combinations with mis-measured tracks (ct > 0, ct < 0)

Background Angular Distribution (allow for S, P, D components)

Correction for detector efficiency and acceptance

Majority of the background

Errors on mass and ct
are scaled by scaling factor 
Sm, Sct (Floating in the fit)
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Detector Acceptance and Efficiency

40 M Full MC decays generated flat 
in angular variables
Shapes show effect of cuts and 
detector sculpting
This sculpting is corrected for by 
including an additional normalization
term in the likelihood function 
Realistic MC tests and Pull tests 
ensure the correctness of the 
treatment.
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Bd Fit: Mass and Lifetime Projection

vs.  PDG =  1.537 ± 0.015 ps
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Angular Projection (Bd)

Projections:
Sideband subtracted 
Detector sculpting 
Corrected 

Single variable projection



DPF, 2004 Ke Li, Yale 11

Bd Amplitudes vs. Babar/Belle

Babar PRL 87, 241801 (2001)
Belle P.L B538, 11 (2002)
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Bs Unconstrained Fit

Lifetime & Mass Projection

Fit data as described

06.012.0/: ±=Γ∆ΓSM



DPF, 2004 Ke Li, Yale 13

Bs Constrained Fit

Gaussian constraint in the likelihood fit
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Angular Projection (Bs)

Projections:
Sideband subtracted 
Acceptance Corrected 

Single variable projection
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Systematics
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Cross Check: Bs CP odd fraction

Fit to amplitudes ONLY, using different minimum lifetime cuts. 
The CP odd fraction increase in the Bs fit suggests significant lifetime 
difference in the two components
The predictions of the fraction using our measured lifetime difference 
are consistent with the angular fitting results

The CP odd fraction of Bd stays constant with different ct cuts. 
Consistent with our expectation.

Predicted (%)Fitted (%)Cut (µm)

33.638.7 +/- 11.6>450

28.629.6 +/- 12.7>300

24.124.2 +/- 10.3>150

--20.1--20.1 +/- 9.0>0

Bs CP Odd

Bd P Odd Fitted (%)Cut (µm)

23.6 +/- 4.9>450

23.0 +/- 4.0>300

23.0 +/- 3.6>150

21.6 +/- 4.4>0
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Betting Odds
How likely are we to observe this value of 
∆Γs/Γs if the true value were zero( or 0.12)?

10000 Toy MC fits to estimate the probability of a 
fluctuation (with ∆Γs/Γs > our measurement)

P( measured | true = 0)
Unconstrained Fit: 0.65 – 1/315
Constrained Fit: 0.71 – 1/718

P( measured | true = 0.12)
Unconstrained Fit: 0.65 – 1/84
Constrained Fit: 0.71 – 1/204
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Conclusions
Time dependent angular analysis powerful tool 
Competitive Bd → J/ψ K*0 amplitudes measurements 
(agree well with BaBar/Belle)
Bd lifetime agrees well with PDG

~200 Bs → J/ψΦ show evidence of lifetime difference in Bs
system. 

For constrained fit, we measured: 

∆Γs=0 ruled out at ~1/700 odds (with Γs = Γd constraints)
First measurement of Bs lifetime difference. 

More data coming underway!!! On the edge of
Challenging Standard Model. (∆Γs/Γs(SM) = 0.12 +/- 0.06)
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Likelihood Scan

Scan in ∆Γs/Γs, refit at each point letting other parameters float
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Main Fitting Results
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Other Fitting Parameters
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Implication for ∆ms

169
55

38.0
5.1

125

10)7.3(

−+
−

−+
−

=∆

×=
∆
∆Γ

psm
m

s

s

s (B Physics at the Tevatron Report value)
(Beneke, et al hep-ph/9808385 NLO analysis)

Current limit ∆ms > 14.9 ps-1 (95% C.L.)

Using our constrained fit results
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Tevatron and CDF Run II
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MC vs Data (Bd) (I)
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MC vs Data (Bd) (II)
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Bd Sideband Subtracted Kπ
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Bs Sideband Subtracted KK
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Detector Acceptance Correction

Calculate ξi from Monte Carlo. 

Include them into the likelihood function.
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Does not depend on Ai, can be dropped in the 
minimization procedure. 

Detector Acceptance Correction


